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a B s t r a c t

neuroimaging literature on phonological processing during reading lacks of studies tak-
ing into account orthographic differences across languages and behavioural variability across 
subjects. the present study aimed at investigating brain representation of phonological 
processing in reading italian, a language with regular orthography, with particular regard to 
inter-individual variability and brain-behavioural correlates. ten italian adults performed a 
rhyme generation and a rhyme judgment task during fMri acquisition and were tested with 
behavioural measures of phonological processing. results for both tasks showed activations 
of the left inferior frontal gyrus and dorsolateral prefrontal cortex, likely underlying output 
sublexical strategies, for all or most of the subjects, while a minority of subjects activated 
the superior temporal sulcus and the temporo-parietal-occipital Junction. these results 
suggest that phonological processing of written italian is based on the prevalent use of fron-
tal structures. however, it is of interest that the activation of the superior temporal sulcus, 
involved in phonological input, was associated to better behavioural performances in tasks 
of phonological processing. our findings may contribute to understand neural correlates of 
phonological processing of languages with regular orthography.

i n t r o d u c t i o n

phonological processing, that is the ability to represent and manipulate phonemes, is a 
fundamental component of written language. it requires multiple skills such as decoding 
phonological inputs, rehearsing the information in working memory and accessing phono-
logical representation of the word (41). common phonological mechanisms, consisting in 
the process of mapping orthography to phonology by assembling sublexical phonological 
codes (e.g. graphemes and phonemes), have been proposed for reading words and pseu-
dowords (pronounceable non-words) (33, 39, 44). however, behavioural and neuroimaging 
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studies have also shown significant differences pointing to word reading as a more auto-
matic and less demanding process, relative to pseudowords (23, 42, 46). this difference is 
thought to be related to the higher level of orthographic familiarity of words either leading 
to a more prompt grapheme-phoneme matching (33, 38, 43) or to a direct map onto lexi-
cal phonology, as words and not pseudowords have lexical representations in the language 
system (2, 18, 39, 40).

cultural differences in the reading process have been interpreted within this theoretical 
framework (47). learning to read in languages with deep orthography (e.g., english and 
french) is usually more difficult than in those with transparent orthography (e.g. italian), 
where the mapping between letters, speech sounds, and whole-word sounds is highly con-
sistent (9, 14) and a higher reading speed is usually found (15). it is conceivable that the 
specific characteristics of language orthographies may naturally drive the development 
of different reading strategies, with sublexical processes (based on grapheme-phoneme 
conversion) predominating in languages with transparent orthography, and semantic/lexi-
cal procedures predominating in those with deep orthography (32). this is also confirmed 
by functional neuroimaging studies. in tasks of reading languages with deep orthography, 
such as english or french, a stronger participation of structures known to be related to 
lexical-orthographic representations (left temporo-parieto-occipital junction), has been 
demonstrated. in contrast, a higher activation of regions involved in sublexical decoding 
(left superior temporal gyrus) has been found in readers of languages with transparent 
orthography (10, 11, 32).

the effect of cultural diversity found by behavioural and neuroimaging studies of nor-
mal reading is also reflected on the incidence and behavioural features of reading disorders 
across different countries, with a significantly lower incidence and the prevalence of read-
ing speed deficits in dyslexics of languages with transparent orthography (3, 20).

data on reading disorders support the hypothesis that transparent languages may allow 
a more flexible use of different reading strategies, leading to a wide variability in brain 
representation of phonological processing. Moreover, a potentially ineffective function of 
the phonological network is in principle not always associated to a corresponding apparent 
impairment. Most of neuroimaging studies however have been performed in english read-
ers (5, 7, 27, 28, 45, 46), and no study in transparent languages has specifically assessed 
brain representation of phonological processing (16, 21, 32) or correlation between brain 
activation of phonological tasks and behavioural performance. We explored phonological 
processing in italian subjects with the aim of contributing to answer the following ques-
tions: (i) What is the degree of inter-individual variability in the patterns of brain represen-
tation of phonological processing in italian? (ii) is there a correlation between pattern of 
activation and performance on behavioural tests?

for these goals two tasks tapping phonological processing of written stimuli were used. 
one task, recently applied to clinical populations (8, 19), requires silent generation of words 
rhyming with the stimulus and requires and actively involves several task involving several 
cognitive components such as phonological decoding, lexical access and phonological plan-
ning. the other task, requiring rhyme judgment on pseudowords, is a more passive task, 
used to stress mainly mechanisms of phonological sublexical decoding (24, 46).
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M e t h o d s

ten young healthy volunteers (6 females and 4 males), aged between 22 and 36 years (mean 
age: 27.1) participated to the study. they all had italian as first language and an education level 
higher than the secondary degree (their education ranged from 15 to 19 years). Before scanning 
subjects were selected by a structured interview on motor and linguistic milestones, literacy 
acquisition and academic achievement in order to exclude neuromotor, psychiatric and learning 
disabilities.

according to the edinburgh handedness inventory laterality Quotients (30) all volunteers were 
right-handed (score > 0.85).

the research project was approved by the ethical committee of the stella Maris institute. 
Written consent was obtained from all participants.

1. - Behavioural tests.
the following three behavioural tests for the assessment of phonological processing were 

administered to all subjects.
Rhyme generation test.
participants were instructed to read a two-syllable word, displayed on a computer screen, and 

find a new word rhyming with it. a total of 30 stimuli were presented at a frequency of one word 
every 5 seconds. the number of correct responses (from 0 to 30) was recorded. Word structure was 
regular for italian (cvcv or cvccv). all stimuli were highly frequent words (lexical rank > 
400) according to an italian data base (25). the neighbourhood size was computed for each word 
according to the colfis database (mean = 6.8; sd = 2.8) (4).

Rhyme judgment test.
participants were instructed to read a pair of two-syllable pseudowords (with legal structure) 

serially presented on a computer screen and to judge if they rhymed with a yes or no response. all 
stimuli were legal pseudowords (cvcv syllable structure.) given the transparency of orthography, 
rhyme judgment in italian can be performed on the basis of the visual word form (e.g. /dane/ and 
/fane/), an upper-lower case condition (dane-fane) was used, to force phonological encoding. a 
total of 15 stimuli were presented at a frequency of one pair of sequential pseudowords every 6 
seconds (inter-stimuli interval: 1 sec; inter-trials interval: 3 sec). the number of correct responses 
(from 0 to 15) was recorded.

Spoonerism test.
participants were orally presented with 18 pairs of two-syllable words (tasca - pocket and vela 

- sail). for each pair they were instructed to mentally transpose the first consonant and produce the 
two resulting words (vasca - bath and tela - cloth). the number of correct responses (from 0 to 36) 
was recorded (adapted from Marotta (26)).

2. - fMRI.
Imaging methods.
an 1.5 t Mr system (signa horizon lX, healthcare ge, Milwaukee, usa), equipped with 

echo-speed gradient coils and amplifier hardware was used. images were acquired by a epi gradi-
ent-recalled echo sequence (flip angle 90°, te = 50 ms, tr = 3000 ms, matrix: 128 x 128, fov = 
28 cm x 28 cm, spatial resolution in-plane = 2.2 mm). each volume consisted of 13-15 contiguous 
axial slices 5-6 mm thick. time-course series of 64 images were collected for each run and each 
period of the block design (30 sec task and 30 sec rest) was repeated three times. the first epoch 
always lasted 4 extra acquisitions (12 sec) to allow the signal to stabilise and this initial period was 
eliminated from any successive analysis.

a volumetric set of anatomical high resolution 3d fspgr images (124 axial images, 1.1 x 1.1 x 
1.1 mm3 voxels) was acquired at the end of the session in order to generate a 3-dimensional whole 
brain reconstruction and to estimate the anatomical localisation of activated regions.

the stimulus consisted of repeated cycles of “on” and “off” periods (30 sec in duration for each 
one) of the single task (block-design). stimuli were generated as avi movies in MatlaB and dis-
played through liquid crystal goggles (visualstim Xga – resonance technology at a resolution of 
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800 x 600 voxels, subtending 30° x 22.5° at an apparent distance of 1.5 m, with mean luminance 
30 cd/m2). luminance, colour, shapes (arial font) and size (font 96) were carefully balanced both 
in task and rest conditions.

Activation tasks.
two rhyme tasks analogous to the ones used in the behavioural test were applied in all sub-

jects, using a new set of words and pseudowords equivalent, for syllable structure (cvcv or 
cvccv), lexical frequency (> 400) and neighbourhood size (mean = 8.3; sd = 2.5), to those 
used in the behavioural measures. a short training session was performed before entering the 
magnet.

rhyme generation: participants were instructed to read a two-syllable word and silently find a 
new word rhyming with it. stimuli were presented at 0.2 hz (1/5 sec), 6 words for block, for a total 
of 18 words. during the rest condition, participants were instructed to passively watch a string of 
capital x letters (XXXX) presented at the same time frequency of the stimuli.

rhyme judgment: participants were instructed to read a pair of two-syllable pseudowords (with 
legal structure) serially presented and to judge if they rhymed. as in behavioural task, stimuli were 
written in upper-lower case (e.g. dane - fane). a total of 30 stimuli were presented, 5 pairs for 
block for a total of 15 pairs (inter-stimuli interval: 1 sec; inter-trials interval: 3 sec). during the 
rest condition participants had to judge whether two sequences of cyrillic characters matched (e.g 
дджж - жждд). cyrillic characters were chosen because of their low similarity to italian alphabetic 
characters and were presented in strings of 4 elements. in order to prevent artefacts the judgment 
was silent and did not require motor actions.

extreme care was taken to balance luminance, colour, shapes and size in the task and rest con-
ditions.

Imaging processing and data analysis.
data were analysed with Brain voyager QX (Brain innovation, Maastricht, the netherlands). 

all volumes from each subject were realigned with the application of rigid body transformations 
for residual motion-related signal changes. functional data were spatially (gaussian kernel with a 
4-mm full width at half maximum) and temporally smoothed (gaussian kernel with a 2.8 sec full 
width at half maximum). two types of analyses were performed, a group analysis and a single 
subject analysis.

group analysis: to obtain activation maps across subjects, fMri data of each subject were 
normalised to the talairach’s target and combined in a general linear Model analysis which is 
a less conservative and more sensitive approach to identify activated brain areas after different 
tasks (13). the maps were generated by the contrast of each activation task with the corresponding 
baseline condition.

a corrected threshold of p < 0.05 was applied at the voxel level (Bonferroni). a functional lat-
erality index (λ) was also calculated on the basis of the extension in mm3 of the activation in the 
left and in the right hemispheres ((left-right)/(left + right)).

single subject analysis: for each individual subject a statistical comparison between each voxel 
time course and the expected response waveform was performed. this was modelled in reference 
to a box-car waveform convoluted with a synthetic hemodynamic response function. statistical 
activation maps were obtained using the general linear Model analysis, thresholding at p < 0.005 
(t > 3.6) and cluster size > 150 mm3. the same contrasts used in the group analysis were obtained 
for each subject.

in order to express quantitatively the strength and reliability of the fMri responses to different 
stimuli and in different subjects the signal to noise ratio (snr) was calculated as follows. for 
each region of activation the Mr signal was extracted and separately analysed, calculating the 
percentage of signal change and using the fourier transform method. the signal was fast-fourier-
transformed (fft) to yield the phase and amplitude of the harmonics in synchrony with the stimu-
lus alternation. then the amplitude of the fundamental component (respect to the stimulus design) 
was normalised to the mean signal over the full time-course to define the response amplitude. the 
snr was calculated as the ratio of the fundamental component to the mean amplitude of all the 
other components asynchronous to the stimulus periodicity.
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3. - Correlation between fMRI and behavioural tests.
the correlations between performance at the behavioural tests and fMri were explored with 

two different approaches. in a first analysis the behavioural performance was compared to the 
extension of the activation and the snr of each one of the areas of the language network. in a sec-
ond analysis the behavioural performance was compared to the fMri results in terms of pattern of 
activation specifically considering the circuit usually involved in language processing. according 
to the existing literature (23, 24, 33, 35) three main regions of interest were considered in the left 
hemisphere: i) in frontal lobe, the left inferior frontal gyrus (ifg) and the left dorsolateral prefron-
tal cortex (dlpfc), ii) the left superior temporal sulcus (sts) and iii) the left temporo-occipito-
parietal junction (tpJ/toJ) (10, 17). statistical correlations were obtained in both approaches by 
means of the spearman correlation coefficient (spss version 12.0).

table 1. - Number of correct responses at the behavioural tests.

years 
of education

spoonerism rhyme 
generation

rhyme 
Judgment

s1 17 31 28 15

s2 16 36 29 15

s3 19 36 30 15

s4 16 30 24 15

s5 18 36 31 15

s6 15 35 30 15

s7 18 34 25 15

s8 16 31 24 15

s9 18 33 30 15

s10 18 33 30 15

fig. 1. - Results of the group analysis. For each task, the statistical map of seven representative slices of 
a reference brain in Talairach’s space (at the top: the third coordinate) is reported.
images were obtained using a threshold of p < 0.05 corrected for the rhyme generation task and a less 
conservative threshold (p < 0.001 uncorrected) for the rhyme judgment task (*), as in the latter only the 
frontal activation was still present at more conservative thresholds (Ba 44-45-6, extension 168 mm3, 
coordinates -53 ± 1.11 ± 1.22 ± 1).
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r e s u l t s

1. - Behavioural tests.
table 1 shows the results of behavioural tests and the years of education for each sub-

ject. years of education did not show significant correlation with any behavioural measure 
(spoonerism: r(10) = 0.34, rhyme generation: r(10) = 0.28). the number of correct responses 
in the rhyme generation test ranged between 23 and 30 (median = 28.5; quartile difference = 
5.5). in the rhyme judgment test all subjects obtained the maximum score of 15. the number 
of correct responses in the spoonerism test ranged between 31 and 36 (median = 34; quartile 
difference = 4). performances at spoonerism and rhyme generation tasks were significantly 
correlated (r(10) = 0.69, p < 0.05); this result was expected as both rhyme generation and 
spoonerism require active phonological procedures involving not only phonological process-
ing but also lexical access and search. no correlation was found with the rhyme judgment 
task, probably because all subjects obtained the maximum score.

2. - fMRI.
Group analysis.
in rhyme generation task, group analysis showed a bilateral activation with a high degree 

of lateralisation in the left hemisphere (λ = 0.91). the main regions of activation and their 
relative talairach’s coordinates are shown in figure 1 and table 2, respectively. they 
included ifg, dlpfc, supplementary motor area (sMa), sts, toJ and tpJ in the left 
hemisphere, together with right cerebellar hemisphere.

in rhyme judgment task, group analysis showed activations only in the left hemisphere, at 
the level of ifg and dlpfc; the lateralisation index was thus equal to 1. using a less con-
servative statistical threshold (p < 0.001 uncorrected), the larger number of activations found 
was consistent with the pattern observed in rhyme generation task (fig. 1 and table 2).

Single subject analysis.
for the analysis of individual data, the nine different regions of interest (roi) found in 

group analysis (table 2), together with the visual areas, were identified in each participant 
by a neuroradiologist (dM) on the basis of anatomical landmarks.

in each roi the presence/absence of activation, the extension of the roi (mm3) and the 
snr were recorded. individual responses in both fMri tasks are reported in tables 3.

in all subjects rhyme generation task activated areas in the frontal lobe of left hemi-
sphere, with particular regard to left ifg (10 subjects) and left dlpfc (8 subjects). Within 
the temporal lobe, sts was the most frequently activated (7 subjects), while activations in 
left tpJ and toJ were less frequently observed (3 and 4 subjects respectively). other areas 
of activation were found, particularly in sMa and right cerebellum (table 3a).

rhyme judgment task produced analogous results with all subjects showing areas of 
activation in the frontal lobe of the left hemisphere, with particular regard to left ifg (9 sub-
jects) and left dlpfc (7 subjects). Within the temporal lobe, sts was the most frequently 
activated (5 subjects), while activations in left tpJ and toJ were less frequently observed 
(2 subjects) (see table 3b).

Correlation between single subject fMRI and behavioural tests
the first set of analyses investigated the relation between fMri indices of activation 
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(activation in mm3 and snr) and behavioural measures of phonological processing. in 
order to reduce the statistical artefacts for this analysis only regions showing activations in 
at least half of the subjects were considered. in both tasks the regions meeting this criterion 
were three, ifg, dlpfc and sts.

in rhyme generation task, significant correlations were found between snr values in 
sts (2.50-6.70) and dlpfc (2.35-6.75), and the number of correct responses at the rhyme 
generation (sts: rho = 0.76, p < 0.005; dlpfc: rho = 0.70, p < 0.01) and the spoonerism 
behavioural tasks (dlpfc: rho = 0.71, p < 0.01). no correlations were found between 
rhyme generation test and the extension of global activation of the individual rois.

in rhyme judgment task, no significant correlations were found either for snr (1.40-
5.30) or for extension of activation, with any of the behavioural tasks. the lack of correla-
tion may be due to the errors free performance obtained by all the subjects which could have 
acted as a sort of ceiling effect at behavioural and neurofunctional level.

the second set of analyses investigated the relation between patterns of fMri acti-
vation and behavioural measures of phonological processing. on the basis of the three 
main regions of the language circuit considered for analysis, namely frontal regions 
(ifg/dlpfc), sts and tpJ/toJ, only three possible combinations were found in our 
subjects: i) activation of frontal regions with no activation of the two posterior language 
regions; ii) simultaneous activation of frontal regions and sts, with no activation of 
tpJ/toJ and iii) simultaneous activation of all three regions. the combinations observed 
reflected an antero-posterior gradient of activation; accordingly the three patterns were 
numbered on an ordinal scale, used for non parametric correlation analyses, with 1 for 
isolated frontal activation, 2 for additional activation of sts and 3 for activation of all 
three regions.

fig. 2. - Representative examples of the three patterns of activation for the rhyme production task (sin-
gle-subject analysis) on a 3D inflated surface. Subject 8 for isolated frontal activation (IFG/DLPFC) 
(pattern 1), subject 5 for additional activation of the STG (pattern 2) and subject 2 for the simultaneous 
activation of the frontal regions, the STG and the temporo-parieto-occipital junctions (TPJ/TOJ) (pat-
tern 3). The statistical maps are reported on an inflated representation of the single brains.
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a statistically significant correlation was found between the gradient of fronto-tem-
poral activation during the rhyme generation task and the number of correct responses 
at the rhyme generation (rho = 0.59, p < 0.05) and at the spoonerism task (rho = 0.66, p 
< 0.05): a higher number of correct responses was present in subjects who also showed 
activation of posterior areas. three representative examples of the patterns observed are 
shown in fig. 2.

no significant correlations were found between the gradient of fronto-temporal activa-
tion during rhyme judgment task and behavioural measures.

d i s c u s s i o n

the results of our study revealed that within the neural network involved in phonological 
processing of written stimuli in italian, the frontal lobe plays a relevant role regardless of 
the phonological task performed. Both during rhyme generation and rhyme judgment, two 
regions of the left frontal lobe, i.e. ifg and dlpfc, were significantly activated. the acti-
vation of ifg during tasks strongly demanding phonological processing is consistent with 
previous reports using rhyming tasks, indicating a relevant role of this structure in speech 
planning and execution (34, 37). part of the activation of the frontal areas, in particular of 
dlpfc, could also reflect the use of phonological working memory (5, 46). this system is 
known to be involved in building a phonological representation matched to the orthographic 
input, by means of sublexical conversion rules, and in maintaining the phonological codes 
for speech output in the articulatory loop (1).

group analysis showed differences in brain activation following the two tasks which 
may reflect a different involvement of sublexical and lexical mechanisms. rhyme gen-
eration task activated a very extensive network involving left ifg and dlpfc, the sup-
plementary motor area (sMa) and other relevant left posterior regions of the language 
circuit, including sts, toJ and tpJ, and right cerebellar hemisphere. rhyme generation 
from written words is assumed to tap not only phonological processing but also processes 
of lexical access necessary to read the word and verify the appropriateness in the lexicon 
of the rhyming word found (24). the activations in the rhyme judgment task were limited 
to frontal regions, namely left ifg and dlpfc. rhyme judgment of pseudowords is con-
sidered a pure phonological task, based on sublexical processing since pseudowords do 
not have lexical and semantic representations, with visual matching strategies impeded by 
upper-lower case presentation (28, 34, 46).

nevertheless, some of the differences found in our study may be due, as pointed out 
above, not only to the different cognitive components involved (phonological decoding, 
lexical access and output planning versus sublexical processing), but also to the different 
baselines used in the two tasks, one of which requiring an active judgment task.

the results of our group analysis need to be considered with caution as the number of 
participants only approaches the optimal limit for a group analysis (12). the main aims of 
our study however, were to explore the spectrum of individual variability in activation pat-
terns and their relations to behavioural performance; we thus particularly focused on single 
subject analysis, which is more effective in addressing these issues.
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single subject analysis confirmed that the left frontal lobe was the only region constantly 
active in all subjects supporting the hypothesis of a relevant role of this structure for pho-
nological processing of written words in a language with a regular orthography. When 
considering the activation of the posterior language areas, i.e. sts, tpJ and toJ, our results 
show a high inter-individual variability.

in rhyme generation task about one third of our subjects did not show any activation of 
posterior language areas. in these cases, the main contribution of ifg might suggest the use 
of a specific strategy for phonological processing mainly based on output sublexical mecha-
nisms. in the remaining seven subjects, who also constantly activated sts, the additional 
utilisation of input sublexical strategies might be hypothesised. conversely involvement of 
regions, such as tpJ and toJ, which have been related to lexically based mechanisms of 
phonological processing, was less consistently found in our subjects. these findings might 
be interpreted in the light of the specific properties of the language, as reported by paulesu 
and collaborators in a pet study comparing cortical activations during reading tasks in 
italian, french and english (32). it was found that left sts was preferentially involved in 
italian readers, as opposed to languages with a less regular orthography. We hypothesise 
that in languages with regular orthography processes of lexical access may not be neces-
sarily required in reading and rhyming tasks, therefore leaving more space for individual 
strategies of phonological processing.

When analysing rhyme judgment task, the other fMri paradigm of our study, a similar 
general pattern of distribution of activations was found, i.e. a constant activation of the 
left frontal language areas associated to a more variable involvement of posterior language 
areas. in comparison to rhyme generation task, the posterior language areas were activated 
in a lower number of subjects, both for sts and for tpJ and toJ. this finding is not 
surprising as the rhyme judgment of pseudowords is based on processing of strings that 
have no lexical and semantic representations, and therefore recruits mainly mechanisms of 
sublexical decoding and articulatory rehearsal.

another important aim of our study was to investigate the possible correlations between 
the brain representation of phonological processing and the performance on related behav-
ioural tests.

for the rhyme generation task, a significant positive correlation was found between the 
snr of left sts and dlpfc and the number of correct responses at both rhyme genera-
tion and spoonerism behavioural tasks. this finding suggests a possible influence on task 
performance of the frontal structures mainly associated to phonological working memory 
and supports the role of the sts in the phonological analysis of language input.

the results of the second set of analyses, based on the identification of different patterns 
of activation of the language network, are in general accordance with these findings. for 
rhyme generation, an interesting correlation was found between the patterns of fMri activa-
tion and the number of correct responses on the corresponding behavioural test. although all 
subjects showed a high number of correct responses at the behavioural tests, as expected in 
a control group, the additional activation of the posterior language regions, in particular of 
sts, was significantly associated to better performances. this might indicate that optimal 
performance in rhyme generation tasks requires the contribution of a wider neural network 
related to both output and input strategies of phonological processing. further support to this 
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hypothesis is provided by the significant correlation found between patterns of activation on 
fMri and spoonerism task, a behavioural test tapping several components of phonological 
processing, including phonological coding, maintaining the phonological representation and 
accessing the lexicon. We suggest that two main neurofunctional circuits are involved: the 
activation of inferior frontal gyrus may be associated to mechanisms of articulatory rehearsal 
and phonological output planning (1, 31), while the involvement of superior temporal sulcus 
provides a representation in input that works as an “inner phonological model” of the word. 
this hypothesis is in accordance with recent neuroimaging investigations suggesting that the 
temporal lobe is involved in the construction of a phonological representation in input (29, 35) 
and thus plays a crucial multifunctional role for linguistic and reading process (6).

in summary, our results seem to confirm that phonological processing in languages with 
regular orthography is mainly based on sublexical processes involving both rehearsal of 
output phonological codes and input phonology. Within this general framework however, 
inter-individual variability in the contribution of the different areas is observed, which 
interestingly appears to be related to the quality of behavioural performance. in this regard, 
the rhyme generation task in fMri appears to be an effective tool for the exploration of 
the neural bases of phonology, as it addresses both sublexical and lexical components of 
phonological processing. given some methodological limitations, mainly the use of behav-
ioural results obtained out of scan and the small number of subjects, our data need to be 
further confirmed in larger cohorts that might better disclose different individual strategies 
and structure-function correlates of phonological processing. in this study we used both 
group analysis, which highlights common neuronal mechanism, and single subject analysis, 
more suitable to account for individual neurofunctional differences. this approach may be 
valuable not only for understanding of brain-behaviour relationships in normal subjects, but 
also to improve our knowledge on the neural correlates of different profiles of phonological 
disorders in languages with regular orthography (22, 36).
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